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ANSTRACT

The recent discovery of a solid-solid phase change in shock-compressed Mo and the
thearetical interpretation suggest vaience d-electron density as a major influence on
structural stability. The relationship of this experimental result to the transition
metal structures and alloy phase diagrams will be discussed. Specific predictions
will be presented for the locations and slopes of transition metal and transition
retal alloy phase boundaries.
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A solid-sohd phase transformation hias recently been reported for Mo at high
shock pressures (Hixson et al., 1989) This phase transition, detected by an abrupt
change 1n elastic wave velocity of shock compressed Mo, has been interpreted in
terms of the premsure-induced shift of conduction electrons from s-like states to d-
ke states (McMahan, 1986)  Previous theoretical (McMahan, et al., 1981) and
experimeatal (Brown et al ., 1985) work on Lanthanum have shown that the grad-
ual shuft of s-like to d-lhike clectrons can have large effects on the equation of state,
partcularly in the derivatives, Grunemisen's gamma and the bulk modulus

Skniver has shown through detailed LMTO calculations that the phase stability
of the tranmition inetals s dependent on the conduction d-electron density (Skriver,
1985)  He show: that the stabnlity of the bee phase for group-V and V1 transition
metals at low temperature aml pressure s dependent on having between 2 5 and 5
d-like electrons perion The group- Vi metala Cr, Mo, and W need roughly O 5 more
d-elecion per on (o cause stabalization of a close-packed phase, while the group-1V
metals need only a sanall increase 1n d-electron acepancy to cause stabihzation of
the bue phll-M'

In addit-on to pressure of ierease 1 atumie nunber. another way to increase
the deoelectron vocapation s by alloving with a lugher-z metal A phase diagram of
the Mo-Bu cystemas shown in Fig 1 The maximum eathenim concentration n
the oo phase alloy 1< 30 atompe percent i the Mo aich compaonent of the entectie
The phase dhagraans for Ma allbae wath ‘To RRu, Rh, and Pd. as well as those for W
v s with Re 0w froand Feoare all similar (Massalskn, 1986) We chow the max
qmu solute cageentrations tn the boe phase and the average qumber af electeons
poer v Table Tobrom this table we see vhat adding roughly 05 electron per on
oo the Mocsvstern and G0 elecrean e on to the Wosystem will destabalize the b
e Fhese munbar- ate rouphly consastent waith Skniver's « aloglations

Another recent cabonlation canhemng the d electran occgpation dependence of
p e ctabahty has been preseated for Re (Watson et al 1eg APW caloulations

how that as pressare voancrea ed o e cansang the shift from s hike tod bike con
Dt electpons e b pleese temeans stable an cantrast 1o the g gestion that
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there may be a high-pressure bee phase. On the basis of the unhyvbridized band
calculations one expects pressure to drive Re away from the remon of stability for
‘)l'l'
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Mo-Ru Phase I nagram

At the lgh temperatures and pressires ina strong shock, phase stabihity calen-
Fations must inelude all the terms i the Gibbs free energy o particnlar the phonon
entropy teem which stabnlizes the bee structuee at igh temperature s unportant
CAnimalu, 1967) The electron entropy term will be generally smaller so long as
I - 01Ty the Fermi temperature Using a aigid band model, this term which s
proportional to the denvity of states at the Fernn surface favors the bee structyre
except for systems with six valence electrons per atom (Maoraszr, 197%) The other
termn i the free energy differences, PAV . will also become imgortnnt at suflic wently
hiph pressares Ancther complioation ain the vers high presure phase dingeam s
the lyvbrichzation of the < and d bands at pressures high enough that all valenoe
clectrans behiave © hike We expect apaim to stabnlize the boo attece (o aver ot ol
v



Atomie ¥4 Conduction Electrons

Allay Solute Per lon
Mo-T o) [T
Mo-Ra 30 66
Mo-RD 20 o6
Mo-$r%d 7 63

W-Re A7 6.4

W.Os 10 64

W-ir 10 6.3

Wt i) 62

We have shown that experiment and theory conmistently suggest that d-electron
uccupation plays a dominant role in crystal structure stability and thermodynam-
1es of transition metals  These observations suggest several more theoretical and
exprenimental tests of the underlying physics We know, for «xample that the hep-
bee boumsiary for the group-1V elements, Ty, Zr, and Hf has a negauve dP/dT
This suggests that pressure stabilizes the bee phawe along an isotherm, consistent
with the increase in d-band occupancy However, the other terms in the Gibbs free
energy should be evaluated to show whether this phenomenon s really d-electron
A termined  Also, since alloying and pressure appear to have the same effect on
structural stalulity by alloying Mo with Ru or W with Re, for example, one should
force the bee-hep phase boundary o lower pressures, where it may be accessible to
technigques other than strong shock loading
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